The structure of the N = 50 isotones 98 Cd, 97 Ag, and 96 Pd is studied in terms of shell model employing a realistic effective interaction derived from the Bonn-A nucleon-nucleon potential. The single-hole energies are fixed by resorting to an analysis of the low-energy spectra of the isotones with A ≥ 91.
I. INTRODUCTION 0g 9/2 and 1p 1/2 levels. Moreover, to our knowledge, the present calculations are the first ones where the two-body effective interaction has been derived from a modern free nucleonnucleon potential. In fact, in all previous calculations, except that of Ref. [18] , empirical two-body matrix elements have been used. In Ref. [18] instead the matrix elements of the effective inte
Before closing this section we should remark that, at variance with our previous calculations in the 132 Sn and 208 Pb regions, we had to face here the problem of choosing a set of single proton-hole energies without much guidance from experiment. In fact, while no spectroscopic data are yet available for the single-hole valence nucleus 99 In, only little relevant information is provided by the observed spectra of 98 Cd and 97 Ag. We will come back to this important point later.
The paper is organized as follows. In Sec. II we give an outline of our calculations and describe in detail how we have determined the single-hole energies. In Sec. III we present our results and compare them with the experimental data. Section IV presents a summary of our conclusions.
II. OUTLINE OF CALCULATIONS
Our effective interaction V eff was derived from the Bonn-A free nucleon-nucleon (NN) potential using a G-matrix formalism, including renormalizations from both core polarization and folded diagrams. Since we have assumed 100 Sn as a closed core, protons are treated as valence holes, which implies the derivation of a hole-hole effective interaction. We have chosen the Pauli exclusion operator Q 2 in the G-matrix equation,
as specified [23, 24] by (n 1 , n 2 , n 3 ) = (11, 21, 55) for both neutron and proton orbits. Here V represents the NN potential, T denotes the two-nucleon kinetic energy, and ω is the so-called starting energy. We employ a matrix inversion method to calculate the above G matrix in an essentially exact way [25] . For the harmonic oscillator parameterhω we adopt the value 8.5 MeV, as given by the expressionhω = 45A −1/3 − 25A −2/3 for A = 100. Using the above G matrix we then calculate the so-calledQ box, which is composed of irreducible valence-linked diagrams up to second order in G. These are just the seven one-and two-body diagrams considered in Ref. [26] .
Since we are dealing with external hole lines, the calculation of theQ-box diagrams is somewhat different from that usual for particles. For example, the familiar core-polarization
wherex = (2x + 1) 1/2 and the off-shell energy variables are:
The ǫ's are the unperturbed single-particle energies. X is the standard normalized 9-j symbol. The cross-coupled G-matrix elements, on the right side of Eq. (2), are related to the usual direct-coupled ones by a simple transformation, as in Ref.
[27].
The effective interaction, which is energy independent, can be schematically written in operator form as:
where the integral sign represents a generalized folding operation [28] .Q ′ is obtained from Q by removing terms of first order in the reaction matrix G. After theQ box is calculated, V eff is then obtained by summing up the folded-diagram series of Eq. (3) to all orders using the Lee-Suzuki iteration method [29] .
As regards the electromagnetic observables, these have been calculated by making use of effective operators [30, 31] which take into account core-polarization effects. More pre-cisely, by using a diagrammatic description as in Ref. [30] , we have only included first-order diagrams in G. This implies that folded-diagram renormalizations are not needed. [31] .
Let us now come to the single-hole (SH) energies. As already mentioned in the Intro- are all strongly dependent on the two-body matrix element g
In this context, we should recall that also for the light Sn isotopes our calculations with the Bonn-A potential produced 2 + excitation energies somewhat higher than the observed values [1] .
As for the p 1/2 level, two states are sensitive to its position. They are the up to only 0.9 MeV.
From the above findings it appears that the SH energies ǫ p 3/2 and ǫ f 5/2 cannot be determined individually from the experimental data for 98 Cd, 97 Ag, and 96 Pd presently available.
To obtain an estimate for these two ǫ's, we have extrapolated the experimental energies of the On the above grounds, we have adopted for the SH energies the following values (in MeV): ǫ g 9/2 = 0.0, ǫ p 1/2 = 0.7, ǫ p 3/2 = 2.1, and ǫ f 5/2 = 3.1. It should be pointed out that these values are quite different from those adopted by other authors. In particular, the SH energies determined in Ref. [18] are higher than ours, the difference ranging from more than keV while it is less than 100 keV for all other states.
As regards the structure of the states having an experimental counterpart, we find that the positive-parity states in all three nuclei are dominated by the g −n 9/2 configuration, while the negative parity ones are practically of pure g Let us now come to the electromagnetic observables. The effective operators needed for the calculation have been derived as described in Sec. II. Experimental information on electromagnetic properties in proton-rich N = 50 isotones is very scanty. The measured E2 transition rates [13, 33, 35] are compared with the calculated values in Table IV , where we also report our predicted B(E2) values for all the states having an experimental counterpart.
As regards the B(E2; 8 + → 6 + ) in 98 Cd, the two different measured values result from the experiments of Refs. [13] and [35] , where this nucleus was produced by a fusion-evaporation reaction and by fragmentation of a 106 Cd beam, respectively. While there are some doubts about both these values [35, 36] , the one in Ref. [35] , which corresponds to a proton effective charge fairly larger than e, is consistent with that measured for 96 Pd. From Table IV we see that the agreement between experiment and theory for the B(E2; 8 + → 6 + ) and is known. The measured value is 10.97 ± 0.06 nm [37] , to be compared with the calculated one 10.54 nm.
We have already mentioned in the Introduction that several calculations have been performed to study the shell-model structure of the N = 50 isotones. We only comment here on the calculation of Ref. [18] where, assuming 100 Sn as a closed core, the two-hole effective interaction was derived by using the Sussex matrix elements [22] in a perturbation scheme up to second order without folded-diagram renormalization. As pointed out in Sec. II, the adopted SH energies, as determined from a least-squares fit to the energies of the N = 50, 37 ≤ Z ≤ 44 nuclei, are much higher than ours. In that work, however, attention was focused on nuclei with Z = 34 − 46 and no results were given for 98 Cd and 97 Ag, for which experimental information has become available only in more recent times. We have therefore found it interesting to perform calculations for these two nuclei using the effective interaction and the SH energies of Ref. [18] . We have also calculated a more complete spectrum of 96 Pd than that given in [18] . Hereafter we shall refer to these calculations as Sussex (SUX)
calculations. 
